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The importance of the  sulphydryl compound,  glutathione,  as  one 
of the thermostable components of the oxidation-reduction system of 
living cells has been established by Sir F. G. Hopkins (i) and his asso- 
dates  in  the  Biochemical  Laboratory,  Cambridge,  and  recently  a 
method for the  quantitative  estimation  of-SH  groups in  tissue has 
been  proposed  by  Tunnicliffe (2).  In  a  study of  the  chemical and 
physiological changes with age in chicken embryos, therefore, it would 
seem  desirable  to  include  an  analysis of the  tissues  for glutathione. 
It  would  be  interesting to know  whether  the  concentration  of  this 
important substance is positively correlated with the velocity of such 
phenomena as growth and catabolism. 
Method. 
Tunnidiffe's technique was  followed.  Embryos of the same age were expedi- 
tiously separated from the rest of the egg contents and dropped into 10 cc. of a 10 
per cent solution of trichloracetic  acid.  Enough eggs were opened to provide about 
20 or 30 gin. of embryonic tissue.  The embryos were immediately weighed, cut up, 
macerated in a  mortar, and the homogeneous pulp filtered on a Biichner funnel 
and washed with 40 cc. of a 10 per cent solution of trichloracetic acid.  Filtration 
was  carried on with slight negative pressure.  The filtrate was protein-free and 
dear.  The extraction process was repeated three times and each filtrate titrated 
separately.  ½  hour after the embryos were weighed the first filtrate was titrated. 
This was done with a 0.005 N solution of iodine using sodium nitroprusside as an 
outside indicator (1 cc. ~/200 I,  ffi 1.25 nag. reduced glutathione).  It has been 
shown that glutathinne in the tissues is practically all in the reduced form. 
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It is uncertain whether this is a test for glutathione alone or includes other 
sulphydryl compounds of similar properties.  For the present, however, the most 
probable hypothesis is assumed to  be true,  namely  that  all  the  -SH groups 
present are those of glutathione. 
RESULTS. 
The  analyses  showed  that  the  percentage  of  glutathione  in  the 
embryo as a whole decreased with age (Table I).  Having previously 
determined the water content of the tissues it was possible to express 
TABLE  I. 
Glutathione  (-$1t  Group)  Content  of  Chicken  Embryos  As  a  Function  of  Age. 
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8  10.70 
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* The figures quoted in this column were obtained in a previous study (5). 
the result in terms of dry weight (Fig. 1).  In 2  weeks of incubation 
the  concentration  falls  to a  figure  approximately  one-fourth  of  its 
former  value.  This  graph  is  not  dissimilar  to  curves  previously 
obtained for the changes with age in other chemical  substances (type 
B curve) and therefore is correlated with catabolism rather than with 
anabolism (3).  It resembles rather closely the curve for the percent- 
age of chloride in dry tissue. 
Le Breton and Schaeffer sought to obtain by chemical analysis the 
change  with age in the  nucleocytoplasmic ratio in  chicken embryos. HENRY A.  MIrRRAY~ JR.  623 
They made determinations of purine nitrogen and total nitrogen, the 
former as an index of nuclear substance, and the difference between 
the two as an index of extranuclear material.  Thus, the nucleocyto- 
NP  X  100 
plasmic ratio would be represented by  the  ratio  NT  -  NP"  The 
values obtained by Le Breton and Schaeffer are included in the accom- 
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Fzo. 1. The-SH (reduced  glutathione  expressed as percentage  of dried solid) 
of chicken  embryos  (o) and Le Breton and Schaeffer's  nucleoplasmic ratio I(X) 
as functions  of the incubation  age of chicken  embryos. 
panying figure so that they may be compared with the changes in the 
percentage of glutathione in the dry substance. 
All our curves have shown that there is little chemical differentia- 
tion between the 5th and 8th days of incubation, a fact which suggests 
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the 8th day of incubation, it would have been shown that the negative 
acceleration of the declining nucleocytoplasmic ratio was less in the 
early days of incubation  than  extrapolations  from  their  published 
curves would seem to indicate. 
SUMMARY. 
The iodine reaction to determine --SH groups in tissues according to 
the technique of Tunnicliffe showed that the percentage concentration 
of such compounds in the dried substance of chicken embryos declines 
with age chiefly during the third quarter of the incubation period. 
The  author  takes  pleasure in  acknowledging his  indebtedness to 
Sir Frederick G. Hopkins, F. R. S. 
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